Objective: To assess socio-economic differences in nutrient intake, giving particular consideration to the in¯uence of reporting bias. Design: Cross-sectional study. Three methods of data analysis (inclusion of all subjects, exclusion of low energy reporters, and regression-based energy adjustment) were evaluated against biomarkers of fatty acid and antioxidant intakes. Setting: London-based Civil Servants. Subjects: Age and employment grade strati®ed random sub-sample of 459 men and 406 women aged 39±61 y who completed 7 d diet diaries at Phase 3 follow-up (1991±93) of the Whitehall II Study. Dietary measures: Mean daily intakes by employment grade (6 levels) of dietary energy, total fat, saturated fatty acids, polyunsaturated fatty acids (PUFA), linoleic acid, carbohydrate excluding ®bre, dietary ®bre, protein, alcohol, vitamin C, vitamin E, carotenes, potassium and calcium. Biomarkers: serum cholesterol ester fatty acids (CEFA), total cholesterol, plasma a-tocopherol and b-carotene. Results: Low energy reporting (LER), de®ned as a reported energy intake below 1.2 times calculated basal metabolic rate, was strongly associated with employment grade (top grade: men 17.3%, women 19.3%, bottom grade: men 45.7%, women 49.2% trend P`0.0001 both sexes). This association is only to a small extent accounted for by the relative weight distribution across grades. The direct associations with gradeÐhigh status, high intakesÐof total fat, saturated and polyunsaturated fatty acids seen in the results overall were greatly reduced or abolished when LER were excluded or when energy adjustment was used. Direct associations between grade and intakes of vitamin C and potassium in both sexes were evident regardless of data presentation method. Spearman correlations between biomarkers and reported intakes, for example CEFA and dietary linoleate (men 0.46, women 0.61), plasma b-carotene/cholesterol ratio and dietary carotenes (men 0.16, women 0.21) together with theoretical considerations indicate that energy adjustment may be the preferred method for reducing the in¯uence of reporting bias. Conclusions: Low energy reporting is a major source of bias in dietary surveys and its prevalence shows a marked inverse association with socio-economic status. The energy adjustment method provides an approach which reduces this bias without exclusion of low energy reporters. Intakes of micronutrients including vitamin C, rather than fatty acids, showed associations with socio-economic status consistent with a dietary explanation for social inequalities in cardiovascular disease.
Introduction
Diet is recognized to be a major modi®able risk factor for cardiovascular disease (CVD) and other chronic diseases. In population studies, detecting associations between speci®c nutrients and disease risk or risk factors is hindered by the inherent dif®culty in accurately assessing diet. The dietary assessment methods suitable for use in nutritional epidemiology are, like all survey methods that rely on selfreported behaviour, subject to problems of reporting error and bias. In addition, collinearity between nutrients and between nutrients and energy makes it dif®cult to determine which of several correlated dietary components is causally related to the outcome of interest. Methods used to minimize reporting errors include exclusion of data from subjects whose reported energy intakes are below physiologically sustainable levels (Goldberg et al, 1991) , and adjustment of nutrient intakes for energy intake (Willett & Stampfer, 1986 ). However, it should be noted that estimates of disease risk based on nutrient density measures (nutrient intake/energy intake) may be strongly confounded by the inverse of energy intake. Energy adjustment models have been used to reduce the problem of collinearityÐto separate the effects of energy and nutrients in examining relationships between diet and disease outcomes. Whether persons known to be under-reporting intake are excluded from analyses, nutrient intakes are adjusted for energy, or all available data are analysed without exclusion or adjustment is likely to affect the apparent relationships between diet and disease and diet and risk factors including socioeconomic status. Which method provides results closest to the truth is a matter of some debate. Ideally, the method of choice should be the one that best minimizes bias, provides maximum power for analysis and is most strongly related to biological or other`objective' markers of nutrient intake.
The Whitehall II study is a longitudinal survey of British Civil Servants designed to investigate factors responsible for the inverse socio-economic gradient in heart disease risk (Marmot et al, 1991) . Dietary differences, including fat, ®bre and antioxidant intakes, if clearly identi®ed, (Davey Smith & Brunner, 1997; Roos et al, 1996) would provide further evidence for socially targeted public health interventions. Between 1991 and 1993 dietary intake was assessed by 7 d diet diary. The purpose of the present investigation is to compare three commonly used methods of data analysis on the apparent relationships between socio-economic status, indexed by employment grade, and nutrient intakes. Biomarkers of nutrient intake are used to assess the relative validity of the methods.
Methods

Subjects
Subjects in this study were participants in the Whitehall II longitudinal study of British Civil Servants (Marmot et al, 1991) . The Whitehall II cohort comprises 10 308 male and female Civil Servants who at the time of recruitment (1985±1988, Phase 1) were working in the London of®ces of 20 departments. Participants completed a self-administered health questionnaire and attended a health screening clinic. All non-industrial civil servants working in these of®ces were invited to participate. The overall response rate was 73%, although the true response was probably higher as investigations in one department showed that 4% of those invited to participate had moved before the study began, and were therefore ineligible for inclusion. Between September 1991 and May 1993 (Phase 3), 7931 participants completed a follow-up questionnaire and attended the second health screening clinic.
Participants attending the second health screening clinic were asked to take home and complete an open-ended estimated seven-day diet diary (7DD). The diet-diary booklet contained written instructions, including guidelines for recording of portion sizes, four pages to record foods eaten during seven time periods (before breakfast, breakfast, midmorning, lunch, tea, evening meal, later evening) for each of seven days (28 pages total) and ®fteen sets of black and white food photographs (Bingham et al, 1994) . Each set of photographs depicted three portion choices for a common food item. The diary also contained instructions to record the brand, name and daily dose of any vitamin, mineral or food supplements taken each day. General questions, for example on the type of milk and spreadable fat usually consumed, were asked at the end of the diary. Participants were given a pre-paid envelope for return of the completed diary. Eightythree percent of participants who received diaries during the screening clinic mailed back completed 7DD.
Seven day diary sample and nutrient analysis
The resources necessary for coding made it feasible to code only a sub-sample of 869 (13%) returned diaries. Strati®ed random sampling was used to provide a more balanced distribution of subjects across sex, employment grade and age group categories than exists overall in the Whitehall II study population (see Table 1 ). This method increases statistical power in comparisons of nutrient intake, for example, according to employment grade category relative to a sub-sample chosen without strati®cation.
Coding and nutrient analyses of the 7DD were carried out using a computerized system developed for the Whitehall II dietary data. The system's nutrient database, which contains nutritional information for 2533 food items and 374 nutrient supplements, is based on the 4th and 5th editions of McCance and Widdowson and supplementary tables (Paul and Southgate, 1978 
Blood collection and analysis
The protocol for the Phase 3 examination has been published (Beksinska et al, 1995) . Blood samples were collected following either an eight hour fast from participants presenting to the clinic in the morning, or at least four hours after a light fat-free breakfast (unsweetened tea or coffee and plain toast or bread) from subjects presenting in the afternoon. Venepuncture of the left antecubital vein was performed with tourniquet. Blood was collected into plain, citrate or¯uoride Sarstedt monovettes. After centrifugation samples for b-carotene and a-tocopherol analyses were frozen immediately on dry ice and transferred to a 780 C freezer. Samples were stored at 780 C for a maximum of approximately 12 months before analysis. Serum for lipid analysis was refrigerated at 4 C after processing and analysed on the following working day. Serum for cholesterol ester fatty acids (CEFA) were stored at 780 C prior to analysis. Plasma concentrations of b-carotene and a-tocopherol (mmol/l) were determined by high performance liquid chromatography using a concurrent method (Buttriss & Diplock, 1984; Armstrong et al, 1997) . Total cholesterol were measured on a Cobas Fara centrifugal analyser using an enzymatic colorimetric method (CHOD-PAP Boeringer Mannheim). CEFA were measured on a subset of participants (n 216) by gas chromatography. For presentation and analysis individual and group CEFA are expressed as percentage (g/100 g) of total measured CEFA.
Anthropometry
Weight was measured to the nearest 0.1 kg using an electronic scale with participants dressed in a cloth gown and underclothes. Height was measured to the nearest centimetre using a stadiometer, with participants barefoot and their head tilted to the Frankfort plane position. Waist and hip circumferences were measured to the nearest 0.1 cm using a ®breglass tape measure held at 600 g tension. The waist was measured as the smallest circumference at or below the costal margin. Hip circumference was measured at the most lateral point on the greater trochanter.
Low energy reporters
The ratio of energy intake to calculated basal metabolic rate (Scho®eld et al, 1985) (EI/BMR) was used as a measure of the degree of energy under-reporting. Low energy reporters (LER) were de®ned as individuals with reported energy intakes of less than 1.2 times their metabolic rate. This cutoff was chosen based on WHO/FAO estimations of the lowest physically plausible energy intakes at weight maintenance (Goldberg et al, 1991) .
Statistical analysis
Nutrient intakes were expressed three ways: as absolute intakes using available data, after exclusion of low-energy reporters, and as energy adjusted intakes, using all available data. Energy adjusted nutrient intakes were calculated as the residuals from the regression models with absolute nutrient intake the dependent variable and total caloric intake the independent variable (Willett & Stampfer, 1986) . For ease of comparison with other methods, energy adjusted intake values given in tables and graphs are presented as the sum of the residual and the expected intake of the given nutrient at the mean caloric intake of the study sample (Willett & Stampfer, 1986) . For Figure 1 , extreme outliers were excluded if intake was greater than 4 standard deviations above the mean (vitamin C: men 5, women 11; vitamin E: men 2, women 3; carotenes: women 1). Relationships between low-energy reporting and demographic characteristics (relative weight, age, employment grade) were assessed using Mantel Haenszel tests for trend. Analysis of variance and tests for trend using grade as a continuous variable in linear regression were used to assess relationships between employment grade and nutrient intakes. Nutrient intakes were adjusted for age in both types of analyses. The associations between biomarkers and nutrient intakes were measured using Spearman Rank correlations. All statistical analyses were performed using SAS (SAS, Cary NC). Data in text and tables are adjusted for age and expressed as mean AE s.d. unless otherwise speci®ed.
Results
Subjects
Among the 869 diaries selected for inclusion in the study, four were excluded from the analyses: two due to missing anthropometric data and two because the diaries contained less than seven full days of recorded intake. Table 1 shows the basic demographic characteristics of the 865 participants included in the analyses, and the 8826 Whitehall II participants who either attended the second screening clinic or completed a telephone or postal questionnaire at Phase 3. Men and women are more equally represented both overall, and across employment graded categories in the study sample than in the Whitehall II study population as a whole. The mean age, body mass index (BMI) and waist hip ratio, are essentially the same in the two groups.
Three hundred and three (35%) of the study participants reported having a longstanding illness: 25 (2.9%) psychological problems, 39 (4.5%) central or peripheral nervous system disorders, 24 (2.8%) eye or ear ailments, 41 (4.7%) cardiovascular symptoms or conditions, 38 (4.4%) allergies and other respiratory problems, 57 (6.6%) gastrointestinal or excretory system complaints, 95 (11.0%) musculoskeletal conditions, 10 (1.2%) diabetes. All participants were working in the Civil Service at the time diet diaries were completed. Eleven percent of participants were non-white. Table  2 . Among both men and women, the prevalence of underreporting increased dramatically with increasing relative weight and decreasing employment grade. The highest prevalence of energy under-reporting occurred in obese (BMI b 30), EO and clerical grade women, over half of whom were classi®ed as LER. Since obesity was associated with employment grade, logistic regression analysis was performed with LER status as the dependent variable and grade as the predictor variable. When BMI was adjusted for, the coef®cient for grade (P`0.0001 after adjustment in both sexes) was unchanged in men and reduced by 10.1% in women.
When LER were excluded from the analyses, mean energy intake rose by 11.7% to 9.88 AE 2.12 MJ (2362 AE 506 kcal) (women 8.72 AE 1.81 MJ (2084 AE 432 kcal), men (Scho®eld et al, 1985) .
Energy and nutrient intakes by sex and employment grade Men had higher intakes of energy and most nutrients than women. Exceptions were reported intakes of carotenes and vitamins C and E, which were higher among women. Figure 1 shows that when all available data were used, total energy intake was directly related to employment grade in both sexes (trend P`0.0001 in both sexes). With LER excluded, grade was no longer related to energy intake among men, but the trend remained statistically signi®cant among women (P 0.007). Nutrient intakes by employment grade are shown (1) using all data; (2) with LER excluded; and (3) as energy adjusted intakes, using all data. When all data were used without energy adjustment, nutrient intakes, with few exceptions, rose with employment grades in both sexes. This ®nding is partly explained by a systematic increase in body size, and consequently in food intake, with higher employment grade. The effect of body size, indexed by height, on differences in intake appears to be greater in men than women. The strong association between BMI and energy under-reporting (Table 2) renders BMI an unsuitable adjustment variable for this analysis. Mean height was some 5 cm less in the bottom compared to the top grade in both sexes (Marmot et al, 1991) . Using multiple linear regression, approximately one third (35.5%) of the graderelated differences in reported energy intake were explained by differences in height among men, while among women the corresponding ®gure was 11.1%. Interpretation of the histograms showing absolute nutrient intakes should be made with this effect in mind.
Among the men, intakes of all nutrients except PUFA, carotenes and vitamin E (P 0.07) were signi®cantly and directly related to grade. Among women, intakes of all nutrients were signi®cantly and directly related to grade. Women in the administrative grades (grades 1 and 2) tended to have somewhat lower nutrient intakes than those in the SEO grade (grade 3) except vitamins C and E, carotenes, and alcohol. The ratio of PUFA to saturated fat was inversely related to grade among men but not signi®cantly related to grade among women (data not shown).
Effects of excluding LER and energy adjustment
The average levels of nutrient intake rose when LER were excluded from the analyses.
Macronutrient intakes
Fats
In men exclusion of LER and energy adjustment abolished the apparent association of grade with total fat and saturated fatty acid intakes. In women exclusion of LER reduced the strength of association between fat intakes and employment grade and energy adjustment eliminated it. In both sexes, PUFA intake showed no trend by employment grade according to the LER exclusion or energy adjustment methods. 
Carbohydrate
Intakes of carbohydrate showed no grade-related trends among men when LER were excluded or when intakes were adjusted for energy. Among women, intake of carbohydrate was unrelated to grade when LER were excluded, but when adjusted for energy intake a signi®cant inverse association with grade was apparent.
Protein
Protein intake no longer showed a trend by grade among men when LER were excluded. However, among women, there remained a signi®cant and direct relationship between grade and intake. When protein intakes were adjusted for energy, by contrast, a signi®cant direct trend by grade was apparent among men but not women.
Fibre
Exclusion of LER reduced the grade-related trend in ®bre intake, while adjustment for energy eliminated it in both sexes.
Alcohol
The patterns of intake by employment grade showed little variation by methods of analysis for either men or women. Intake was strongly related to employment grade among women, while among men the highest and lowest grades tended to report the highest consumption.
Micronutrient intakes
Vitamins C and E and carotenes
The patterns by grade in intakes of vitamins C and E and carotenes showed little variation by method of analysis. Vitamin C intake was signi®cantly related to grade in both sexes for all methods of analysis. A direct trend in intake of vitamin E by grade was apparent for the energy adjustment method among women but not men. Carotene intake was not systematically related to grade in men. In women, mean intakes by grade showed considerable variation and there was a tendency to higher intake with higher grade when LER were excluded or intakes were adjusted for energy (0.1 b P b 0.05).
Potassium and calcium
In both men and women, grade-related intake of potassium was strongly related to employment grade using all three methods of data presentation. Calcium intake among men, which was related to employment grade when all data were analysed, was not related to grade when LER were excluded, but when adjusted for energy intake a weak association was apparent (P 0.06). Among women, calcium intake was directly related to grade when LER were excluded, but not when adjusted for energy. Table 3 shows the Spearman Rank correlation coef®cients between nutrient intakes and related biomarkers. Correlations were partialled for age and employment grade in order to control for potential confounding by these two variables.
Associations between biomarkers and nutrient intakes
Cholesterol ester fatty acids
Correlations between serum CEFA and reported fat intakes were calculated using both absolute intake of the nutrient and intake expressed as a percentage of total dietary fat. 
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The correlations using absolute intakes tended to be marginally higher (range 0.25±0.85) than those using proportional intakes (0.32±0.80), and were generally higher among women than men. Comparing the four sets of biomarker-dietary fat correlations, those for linoleic acid in serum CEFA and reported diet were generally strongest and those for P/S ratio weakest. Comparing the three methods of analysis, energy adjustment tended to produce the best correlations among men, while among women exclusion of LER tended to yield better correlations than energy adjustment.
Serum lipids
Correlations of serum total cholesterol with dietary total fat and saturated fatty acids were absent or weak (range 70.20±0.12), such that of the 12 coef®cients calculated, three were signi®cant at the P 0.05 level. Two signi®cant positive correlations for total cholesterol were obtained using the energy adjustment method among women. Among men a signi®cant negative correlation was obtained for total fat-total cholesterol with LER exclusion, but this was not the case using energy adjustment.
Plasma vitamins
Correlations between plasma antioxidant vitamins and reported antioxidant intakes were calculated using absolute plasma levels and plasma levels corrected for serum total cholesterol. For b-carotene, the two variables yielded similar results (range 0.08±0.32), while for a-tocopherol the corrected variable tended to produce the higher correlations (0.05±0.19). Comparing the three methods of analysis for b-carotene, exclusion of LER did better than energy adjustment in men while the converse was true in women. For a-tocopherol, the methods using all data and exclusion of LER were better than that using energy adjustment among men, while among women the three methods yielded similar associations.
Discussion
In the ®rst Whitehall study there was a large inverse social gradient in incident coronary disease (Marmot et al, 1978) , the lower the grade, the higher the risk. This paper is the ®rst report examining the potential contribution of dietary and nutritional differences to the socio-economic risk gradient among a second cohort of Civil Servants. The study identi®es micronutrient intakes as the dietary factors which may make a signi®cant contribution to the social class, coronary disease association. Data for this report were derived from a sub-sample of subjects randomly selected from those who completed 7 d diaries at Phase 3 of Whitehall II. The 7 d diet diary, involving estimated portion sizes, was chosen as the key method of dietary assessment in the UK arm of the European Prospective Investigation of Cancer and Nutrition (EPIC) (Riboli, 1992; Bingham et al, 1995) , and has been used for examining social differences in nutrient intake in the 1946 Birth Cohort (Braddon et al, 1988) . A subsequent report will compare results with those from the food frequency questionnaire which was administered at the same time and is available on all respondents. The strong association between socio-economic status and probability of low energy reporting, and thus low nutrient reporting, is a potentially serious source of systematic bias (Bingham, 1991) in nutritional epidemiology. In line with previous surveys (Pryer et al, 1995) one third of the sample reported implausibly low energy intakes. The prevalence of LER increased markedly with lower grade, over and above the effect of increasing relative weight.
The changes in the apparent relationship between employment status and several measures of fat intake under the three methods of presentation is a striking example of the effects of this bias. The direct associations of total fat, saturated and polyunsaturated fatty acid intakes with employment grade seen in the results overall ( Figure  1b ,c,dÐall data) are greatly reduced or abolished when LER is taken into account either by excluding the data (Pryer et al, 1995) or by energy adjustment using the residual method (Willett & Stampfer, 1986) . A yet more dramatic example is that of total carbohydrate intake among women (Figure 1e) , where the direct association with grade apparent when all data are used is abolished by exclusion of LER, and reversed by energy adjustment. The interpretation of self-reported dietary data in relation to socio-economic variations in diet and diet-related disease (Davey Smith & Brunner, 1997 ) is therefore critically dependant on the method of data analysis.
In the absence of a dietary reference method, biomarkers of dietary fatty acid (Glatz et al, 1989) and antioxidant (Jacques et al, 1993; Bingham et al, 1995) intakes have been used to evaluate the three approaches to data presentation. Spearman correlations of linoleic acid intake with cholesterol ester linoleic acid, carotene intake with plasma b-carotene (Bingham et al, 1995) and vitamin E intake with plasma a-tocopherol (Jacques et al, 1993) were of approximately the same magnitude as in other studies. Experimental manipulation of the dietary fatty acid pro®le is associated with changes in serum total cholesterol levels (Keys et al, 1965; Mensink & Katan, 1992) . As expected in these observational data, the dietary fat-serum lipid correlations were absent or weak. Comparison of the strength of association of the dietary intake variables with the biomarkers did not produce unequivocal ®ndings with respect to choice of data presentation ( Table 3 ). Given that exclusion from analysis of a large proportion of a study sample (in this case one third) is undesirable, energy adjustment appeared to provide a suitable estimate of habitual intakes. The possibility cannot be excluded that if additional biomarkers were available, different conclusions might be drawn about the alternative data presentation methods. A comparison of the 7DD with weighed records, urine nitrogen and potassium supports identi®cation of energy adjustment as the preferred method (Bingham & Day, 1996) .
Evidence from the biomarker analysis suggests that energy adjustment may be the appropriate method for controlling the effects of LER on socio-economic differences in nutrient intake. Theoretical considerations point to the same conclusion. There is a large proportion of LERs in this study, as in others (Pryer et al, 1995; Bingham & Day, 1996) , and their uneven distribution across employment grades indicates that mean absolute levels of nutrient intake by grade do not provide a valid estimate of occupational differences in diet. Exclusion of LER on the basis of calculated BMR is a straightforward approach to this problem (Pryer et al, 1995) , but is is unsatisfactory in two respects. Firstly, there is a substantial loss of information, particularly in lower grades, which may introduce selection bias. Secondly, the approach identi®es LERs only at the lower end of the energy intake distribution and not those subjects whose diet records are plausible but who nevertheless may be under-reporting at higher energy intakes. The energy adjustment method reduces between-person variation due to under-or over-reporting at all levels of energy intake and permits all available data to be used. While energy adjustment appears on balance to be the preferred method for estimating usual intake, it may not be suitable in all situations. This approach cannot, as with exclusion of LER, eliminate bias due to selective underreporting of foods which may contain, for example, a large proportion of fats or added sugars (Bingham et al, 1995) , nor does it provide corrected estimates of absolute nutrient intake according to employment grade.
Energy-adjusted nutrient intakes were derived from the residuals of regression of absolute nutrient intake on total caloric intake (Willett & Stampfer, 1986 ) (see Methods). The resulting variables are thus uncorrelated with energy intake and allow estimation of the effect of varying a given micronutrient, or substituting energy from one macronutrient by another, on disease risk at constant total energy intake (Kipnis et al, 1993) . In contrast, nutrient density (nutrient intake divided by energy intake), which is proportional to energy-adjusted intake only in the case that the regression line from which the latter is derived has an intercept of zero, may be highly correlated with the inverse of total energy intake. The estimate of a diet-disease relationship by nutrient density analysis may therefore be strongly confounded (Willett & Stampfer, 1986) . Energy adjustment addresses this statistical problem, however it does not permit the estimation of the disease risk associated with differences in absolute nutrient intake, which on biological grounds may be the effect of interest.
The Whitehall II cohort was established in 1985 to investigate dietary, metabolic and psychosocial factors which might contribute to the inverse social gradient in coronary heart disease risk (Marmot et al, 1991) . This was done in response to ®ndings from the ®rst Whitehall study of considerable differences in coronary mortality across Civil Service employment grades which could not be explained by differences in conventional risk factors including smoking, blood pressure, blood cholesterol and prevalent cardiorespiratory disease (Marmot et al, 1978) . In the cohort overall blood cholesterol level at baseline in the late 1960s predicted coronary mortality (Davey Smith et al, 1992) , but mean cholesterol levels at that time were higher in the higher grades and therefore could not explain the higher rates of coronary disease in the lower grades (Marmot et al, 1978) . In the present cohort blood cholesterol levels again do not appear to account for the occupational gradient in coronary risk. In both sexes the mean level was similar in each grade at baseline (Brunner et al, 1993) , suggesting that dietary fat intake does not vary substantially by grade. This view is strengthened by the data presented here, which add to the evidence (Gregory et al, 1990; Braddon et al, 1988 ) that differences in total and saturated fatty acid intakes are not responsible for the socio-economic gradient in coronary risk.
Although fat intakes appear at most only weakly related to social position in these and other recent data (Gregory et al, 1990; Roos et al, 1996) , energy-adjusted intakes of micronutrients differed markedly by employment grade in Whitehall II. In both sexes, mean dietary intakes of vitamin C, carotenes, magnesium (data not shown) and potassium are higher among those in the higher employment grades. The available data therefore point to antioxidant and other micronutrient intakes, for example from fruit and vegetables, as potentially the most important nutritional contributions to social inequalities in coronary risk. The small variations in macronutrient intakes by employment grade suggest that socially-patterned differences in food sources of the macronutrients may contribute to the observed differences in micronutrient intakes.
Conclusions
This study has highlighted the problem of dietary underreporting in nutritional epidemiology. Other sources of error, which have been discussed elsewhere (Bingham, 1991; Plummer & Clayton, 1993) , require detailed attention if the results of studies involving dietary measurements are to be reliable. Random measurement error, for example, will tend to produce associations with disease which are weaker than those which would be obtained with more precise measurement of habitual diet.
This sample of of®ce-based Civil Servants living in South East England cannot be considered representative of the general population, nevertheless the ®ndings for fat intake and micronutrients are congruent with those of a representative sample of the British adult population who completed a 7 d weighed intake record (Gregory et al, 1990) . Consideration of the social differentials in dietary intake, rates of low energy reporting and the high response rate in the sample suggests that Whitehall II provides a useful model for study of the role of diet in health inequalities (Davey Smith & Brunner, 1997) .
